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I. Identification and control of systems with delays

(H. T. Banks)

Banks is continuing his efforts on approximation of delay

systems with applications to optimal control and parameter

iden tification . In a manuscrip t [1] that has just been accept-

ed for publica tion , Banks and Kappel developed the foundations

for general spline approxima tion scheme s for linear func t ional

differential equations . Banks , in [2] and in joint efforts with

Burns and Cliff [3], has tes ted these approxima tions (wi th

simple numerical examples) when applied to control and param eter

identification problems with linear delay systems . Banks is

also currently conducting numerical tests with the spline approxi-

mation ideas for nonlinear contro l systems .

For the parame ter identification problems , sound theore ti-

cal results for some of the approximation schemes under investi-

ga tion s till remain to be developed ,especially when the sys tem

delays themselves must be identified. We have begun work on

some ques t ions arising in this connection and are making good

progress.

Banks and a graduate student, Rosen , have begun efforts on

developmen t of fully discretized methods (as opposed to those of

[1], [2], [3] which involve approximation of the infinite dimen-

sional delay sys tems by a finite number of ordinary differential

equations). We have just begun our efforts on the theoretical

aspec ts of approximating linear delay systems in this manner.

______________________ ‘1
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Some initial progress has been made , but comp letion of this

theory , numerical experimen ts , and applica tion to control and

iden tification problems are efforts still to be pursued in the

near future.

II. Quali tative theory of functional differential and difference

equations (J. K. Hale)

h ale is cont inuing his s tudy of the effec ts of delays on

difference and differential-difference equations . For the di f-

ference equation

N
x ( t )  - 

~ 
Akx(t-yk

.r) = 0
j =1

M
Ik r - 

.~~~ ~k.
1
J ’ ~k. 

> 0, integers ,
j=l j

Avel lar and Hale [4] have g iven a rather comple te charac ter i za-

tion of the behavior of the set

N -X yk
.r

Z(r ,A) = { ReX:de t [I - 

~ A k e ] = 0}
k= 1

as a function of the delays r and the coefficients A. Also , 
4,

effec tive computational criterion have been given. Specific em-

phasis is given the stable case where Z(r,A) ç (-~~,0). The

resul ts have already been applied by Hale and de Oliveira [5]

C

_ _ _  .- :•4fl~~~. ‘
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to the hlopf bifurcation in difference equations and by de Oliveira

[6] to neutral equations .

Hale , Infante and Tsen have essen tially comple ted a pre-

liminary s tudy of the imp lication of these results to determine

the reg ion in the coeff ic ient space for which all solutions of

the delay equa t ion

= B0x( t) + 

k~ l 
Bkx(t-yk

.r)

approach zero as t -
~~ ~~~, independent of the delays. (See also

th e commen ts below .)

III . Stability of infinite-dimensional systems

(E. .F . Infante)

Infante and collabora tor s have cont inued to pur sue re search

cen tered on the stability properties of infinite-dimensional sys-

tems , wi th par ticular emphasis on cer tain problems arising in

certain applications.

In [7] Infan te , in coopera tion with J. A. Walker of North-

wes tern University , has comple ted a study of the stability proper-

ties of a model of incompressible simple fluids with fading memory.

This model consis ts of a functional-partial differential equation ,

which is viewed as a nonlinear abstract evolution equation in an

appropria te Hu bert space. Liapunov stability methods are used

4:
_ _ _  _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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in this inves tigation.

In cooperation with J. K. h ale and a student , F.P. Ts en,

Infan te [8] has essentially completed an investi ga t ion on the

effec ts of changes in the delay s on the stability prop ert ies

of linear neutral differenc e-diff erential equat ions of the form

~~ [x( t) + 

k~ l 
Bkx(t-Tk)] = A0x( t ) + 

k~ l 
Akx(t-Tk).

The effect of changes of the values of the {Tk}~~ l on the

asymptotic behavior of the solutions of such equations is most

impor tant ; indeed , it is no t nece ssarily the ca se that the

asymptotic behavior varies continuously with changes in the

{Tk}k=l. Moreover , the compu tation of the ef fec t of such changes

is mos t awkward and complicated since it involves the computation

of zeros of exponen tial polynomials. The purpose of the inves-

tigation reported in [8] was to characterize in an appropriate

and convenien t manner those matrices {Bk}~~ l ,  A0 and {A
k}~~.l

such that the solutions of the above equation do not change their

asymp totic behavior irrespective of the values of the delays

Such a charac teriza tion seems impor tant in the desi gn

and control of systems with delays; if the model of the system

falls within the characterized class , it will dis play consider-

able robustness; if it does not , cons iderable care must be exer-

• cised in analyzing modeling errors .

• 
~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~
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Iii f ante , in cooperation with a student , L. Carvaiho , has

recently completed an investi gation [9] of the stability proper-

ties of pure linear difference equations of the form

xt (O) = 

k~ l 
Akxt (-T k),

where the {Tk}~~ l are not necessarily rationally related , and

therefore the solution of such equations cannot be viewed in a

finite-dimensional space. By viewing the solutions of such

problems in a convenient hlilbert space , sufficient conditions

for the existence of a particular type of Liapunov functionals ,

~hich prove stability and asymptotic stability for  such equa t ion s

irrespective of the value of the delays , were found. Moreover ,

a charac ter i za tion of the {A
k}~~ l for which such func t ionals

exist is also presented. Such results seem of iml)ortance not

onl ;’ for stability considerations but also for optimization pur-

poses , s ince mos t of ten the func t ionals one is requir ed to

m inim i ze are preci sely of the form of the Liapunov func t ionals

considered.

IV. Control and stability of discrete systems

(J. P. LaSalle)

LaSalle has spent considerable time investi gating a par-

t icularly simple and ins truc t ive model of a discre te control

L..
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sys tem. The point of this exercise is to illustrate the affect

of nonlincarities on controllability and stability and the trade-

of f s requir ed in order to mee t con trol objec tive s and constraints

on the state variables . A paper on this example is currently

being prepared.

1

1
If
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FOR

F I J N ( i I  ( ) NA L 1) 1 l J l R I ~N I i  i\L 1~
(
~1JA _l I O N S

Ii . 1 .  R a n k s  and  F . Ka pp e 1

Abs t r a c t :  ~ e d e v e l o p  an a p p r o x i m a t i o n  f r a m e w o r k  f o r  l i n e a r  h e r e d i t a r y

s y s t e m s  w h i c h  i n c l u d e s  as  s p e c i a l  cases  a p p r o x i m a t i o n  s chemes  e m p l o y i n g

S I ) 1 i I I C S  o f  a r b i t r a r y  o r d e r .  N u m e r i c a l  r e s u l t s  f o r  f i r s t  and t h i r d

o r d e r  sp l i n e  based  m e t h o d s  a r e  P r e s e n t e d  and c o m p a r e d  w i t h  r e s u l t s

o b t a i n ed u s i n g  a p r e v i o u s l y d e v e l o p e d  scheme  b a s e d  on a v e r a g ing  i de i s
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I I O PF h i  FU R CA T J O N  FOR FU NC T I ONA L E QUA l I ONS

•. J . K .  h A L E  AN I )  J . C . F .  d e O L I V E I R A

~\ h s t  r a c t  : T h e  p u r p o s e  of t h i  is  p a p e r  is  to s t u d y t h e  ex i s t e n ce

of a s m o o t h  lh o p f h i  f u r c a t i o n  for f u n c t i o n a l  e q u a t i o n s .  T h e

h i  fu  r c a t  i on h l a r a m e t  er s  m a y  I n c  I u d e  the  d e l a y s . T h e  r e s u l  t s w i l l

be desc r i b e d  f o r  a s p e c i a l  ca s e  of  t h e  e q u a t i o n s  cons  i d e r e d .

_ _-  
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ON TI lE  Z E R O S  oi~ L X P O N E N I ’ I A h .  P O L Y N O ~h l A L S

( :ei  i no F .  A v c l  l a r  and . J a r k  K .  h h a  Ic

A h ~~fi~.\CT : S u p p o s e  r = ( r 1 ,. . . , r~1 ) ,  r. ~~ > I) i n t e g e r s ,

K = I ,~~~~~ ,..  . ,N , j = I . .  . , M , 1 k ~J
’Y k J r

J
. T h i c  J ) U F I ) O S C  of t h i s

p~ p e r  i s t o ~ t (Id V t h e  he h a y  i or  o I t I i i ’  e r )  S ( 1  f t he I u i i c  t i on

hi(A , a , r) = I +

whie rc eac h a 1 is a r e a l  n u i i i b e r .  More  spec i  f i c a l l y  i f

Z ( a , r) = c i o s u r e ( R e  ~. :  I (~~, a , x- ) = 0),  we s t u d y t h e  de p e n d e n c e  o f  :(i , r )

on a , r. T h i s  set is c o n t i n u o u s  i n  a bu t  g e n e r a l l y  no t  i.n r .

H o w e v e r , i t  i s  c o i i t  i n u o u s  in  r i f  t h e  c o m p o n e n t s  of r a r e

r a t i o n a l l y i n d e p e n d e n t .  Sp e c i f i c  c r i t e r i o n  to d e t e r m i n e  w h e n

o ~~ Z ( a  , r ) a r e  g i v e n .  S e v e r a l  ex a m p i cs ii h is tra te t h e  c o m p l i c a t e d

n a t u r e  of  Z (  a , r)

T h e  results h a v e  i m m e d i a t e  i inp l  i c a t  ion  to t h e  t h e o r y  of

s tah . i  l i t > ’  f o r  d i f f e r e n c e  e q u a t i o n s

M
x ( t )  - 

~ 
A k x ( t - r k ) = 0

k= I

w h e r e  x i s  an n - v e c t o r , since the characteristic equation has the

form g iven by h ( A , a , r) . The results give information about the

p r e s e r v a t i o n  of  s~ a b i i i t y  w i t h  r e s p e c t  to variations i n  the delays.

-

. ~~~~~~ ~~~~~~~~~~~~ 
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1 lie rc s i i l  t S iso a t e  f u n d a m e n t a l  l o t  a d i S C L I S S  i o n  o h  t h e

d e p en d e n c e  of  so I t i t  i en s  I rico t t a  1 iii I he t e n t  i a I di f f t  r en c e  equa  t i otis

on (lie dela1s . T h e s e  m p h i c ; i t  i o n s  w i l I appear c i  s c w h e r c .
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J a c k  K.  h a l e  a r i d  h u h  i Nato

i \ h s t t ; i c t  : I t i ~ l i e  p i t  r p ose  of t hi i s p~ p~ r to exam i t ie  i n  i t i a 1 dat a

I Fou l  a i C l i t ’  ri 1 hana ch Vp .~~~c C . Nc deve I op a t h t ~~~i v  e~ i st (‘tic e

t i l l  i I I C f l C  S S  , C (01 t i n 0 0 0 S  ( h ( J ) ( f l ( l C t i c e  , a n d  c a r t  t I floa t i o n  b y r u qu I ring th iat

t l ie S J 1~ t CC  B 011 1 >
‘ Si t i S I C’S 501i1C g en e  r i  1 qua i i  t a t  i ye p r o p e  r t  es . Al so

t~c im pose  c o u d i t  i o n S  o t  B w h i c h  w i l l  a t  l e a s t  i n d i c a t e  t h e  f e a s i b i l i t y

o f  a q u a l i t a t i v e  t h e o t e  as  i~e i u e r a l  as  t h e  one p r e s e n t l y  a v a i l a b l e  f o r

r e t a r d e d  eqI V l:i t i o n s  w i t  hr f i n i t e  d c l  : iy  i l l  t h e  s p a c e  o l  co l i t  i f l U O U S

[ur ic  t Oi l  S . I ii 1)8 r t I CU lii ! , t h i  i S I. i l l  tUj I  I y t h a  t b o u n d e d  orb i ts shou ld

I)L ’ p r e c o r i p i c  t a r i d  t I i i  t t i r e  es S( ’Ii t i :u 1 s h ) ( ’c t t ’ t i i i i  of t he  so hut ion opera to r

f o r  a I i i i e ; i r ; t u t o : i o I i o u s  e q u a t i o n  s h o u l d  be i n s i d e  t h e  u n i t  c i r c l e

i

V
O r t - () . A I so , we im pos e  cond i t  i o n s  wh i cii j ul1 1) ! y the  de f i n  i t i ons  of

a s v m p t o t  i c  s t : i h i l  i t v  i i i  R ’~ and  B a rc  e q u i v a l e n t  an d  t h a t  t h e  w - l i m i t

set of :r p r e c or t i pa c  t o r b  i t f o r  an  a u t o n o m o u s  e q u a t i o n  s h o u l  (I be cottipac t ,

COl i l i C  ted and  i r i v a  r i  a n t
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P a u l M a s s a t t

A b s t r a c t :  h i t  I 93), K u r a t o w s I ~ i i i r u t  r o d i r c e d  a m c a s t u r e  of n o n —

c o m p a c t n e s s  of h)OUI)(hC (h sets in a rnctr ic space , called the

Kura towsk i i m e a s u r e of noncompactncss , or ~—m casure . T h i s

a l o n g  w i t h  t h e  associated notion of an ‘~-contraction , has

prove d use ful i n  s e v e t a  1 areas of d ii fere nt ia  1 CqUat iOnS

T h e  p t V i n c i p l e  r e s u l t s  of t h i s  p a p e r  w i l l  be to g e t i c r a l i z e

s e v e r a l  of the results of Coop eruu an to ruore gene ral measures

of noncorrupactne ss as well as for certain set trapping s. The

p to o Is a r e  more  ci cmenta ry than t h e ones in  C o o p er m a n

H oi e v e r  , t h e  h a s  i c 1 emm a used by Coope r m a n  wh ich depended so

m u c h  on properties of u-nueasurcs is not generalized . In fact ,

we g i ye an ~~ ; unrp  he s h o w i n g  thin t it will not generall y lie valid

f o r  a i’b i t ra ry  m e a s u r e s  of n oncomp ac  tn e ss
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